Poverty worldwide claims 30,000 lives every day-one life lost about every 3 secondsand in places like Sub-Saharan Africa, the situation worsens daily.
How can our world be this way? Population pressures, as Malthus described, surely make a difference. In areas of high rural population density, farm households tend to be extremely poor, and landless rural peasants are even poorer. Yet some places, like Japan, also have low land areas per person and are rich, while other places, like Bolivia, have large land areas per rural household and are extremely poor.
Governance and political institutions matter a lot, as seen in the striking differences between North and South Korea, but countries in extreme poverty lack the resources to combat basic causes of hunger and illness and cannot simply "govern" themselves out of poverty.
The root causes of poverty are complex, involving a suite of time-variable determinants, contingent infl uences, and internal feedbacks, many of which are location-specifi c. Economists and other social scientists have sought to understand the basic causes of, and solutions Eos, Vol. 86, No. 16, 19 April 2005 The Earth Sciences, Human Well-Being, and the Reduction of Global Poverty PAGES 157, [164] [165] facilitate detailed dynamical investigations of response to small-scale wind forcing, dense water formation, and Adriatic general circulation. Likewise, multi-disciplinary measurements and modeling promise to characterize the biological and sediment response to bora-induced dynamics. , 1980 , -2000 [Landes, 1998 ], but the extent to which the condition of Earth's natural systems determines the state of the human condition has remained largely unanswered, and is only rarely incorporated into poverty studies. Studies by Jeffrey Sachs [Sachs et al., 1999; Sachs, 2005] , who is the author's colleague and director of the Earth Institute at Columbia University, offer one exception, but even Sachs emphasizes how little of such research is currently under way in the economics profession.
Fig. 1. Average annual death toll for all hazards against the death toll relative to population

Earth's Extremes and Human Well-Being
As seen from the tragedy of the SumatraAndaman tsunami of 26 December 2004, the poorest suffer disproportionately at the hands of nature. That tsunami followed the catastrophe in Haiti caused by storms in 2004. Beyond the immediate death toll, poor countries affected by disasters have the least capacity to recover, and few resources available for programs that stimulate long-term economic growth.
Whether reconstruction aid from outside comes as loans to be repaid, which diverts funds from development programs, or as a donation, productivity losses and the disruption of lives that follow major disasters can impede growth and even destabilize governments. A 2004 UNDP report (http://www.undp. org/bcpr/) details how disaster risk reduction could be a key factor in achieving the U.N. 's Millennium Development Goals (http://www. un.org/millenniumgoals/).
Figure 1 depicts a clear relationship between human development and mortality risk from natural hazards. The causes that underlie the relationship are numerous. The urban poor have little choice but to live in high-risk, "informal settlements" around major cities close to work opportunities-in riverbanks subject to fl ooding, on the slump scars of landslides on denuded slopes, or in crowded coastal regions such as those where so many died around the Indian Ocean from the recent tsunami.
In Haiti, rural poor denude the land of trees to raise crops at low yields and to produce charcoal to sell cheaply. Cleared land promotes fl ash fl ooding and the disasters that took about 6000 lives there in 2004 compared with about 100 in the U.S. Gulf Coast from the very same storms.
Earthquakes, too, exact the greatest toll on the poorest people. Zoback [2004] points out that the 1989 Loma Prieta earthquake in Cali- Figure 1 and is used in the subsequent figures. Figures 3(b), (c) fornia (magnitude 6.9) left 63 dead and more than 3700 injured, while the 2001 Bhuj quake in Gujarat, India (magnitude 7.6), killed over 13,000 and injured more than 100,000.
Poverty and disaster vulnerability are codependent: while vulnerability is an outcome of poverty, it is a likely cause as well. A feedback develops that traps the poor into a spiral of increasing deprivation. Poor countries in the front line of natural hazards are more likely to get stuck in poverty, and parts of the world subject simultaneously to several hazards, notably Central America, the Andean countries, and parts of Southeast Asia, are particularly hard hit and the most likely, it seems, to be trapped by hazards. Cane et al.'s [1986] insight into the infl uence of El Niño-Southern Oscillation (ENSO) variations on grain production in Zimbabwe show a co-variance between sea surface temperature anomalies in the eastern equatorial Pacifi c and maize yield that has signifi cance for large deviations from normal (El Niño years may bring drought and famine) and across much smaller variations. Similar relationships exist for agricultural production in northeastern Brazil, and fi sheries off Peru.
Variations Closer to the Norm
Sub-Saharan Africa is home to about 90% of the world's malaria morbidity and mortality, the spatial and temporal dynamics of which relate to climate conditions. Underlying ecological conditions there have made the disease particularly diffi cult to control, much less to eliminate [Gilles, 1993; Gallup and Sachs, 2001] . Extreme rainfall anomalies may lead to major epidemics [Brown et al., 1998 ], but ENSO-driven variations well within the range of normal conditions also have marked effects (Figure 2 ; M. C. Thomson et al., Climate monitoring for malaria early warning in Botswana, submitted to Emerging Infectious Diseases, 2004) .
ENSO variations are a set of semi-periodic variations that dominate the climate signal in equatorial regions that are also host to the poorest in the world. Their susceptibility to these variations will amplify the consequences of relatively small changes into disasters.
Disease burden, like natural hazards, increases the resources needed for basic survival, diminishes opportunity for individuals, and encumbers scarce resources that could be used for economic growth (World Health Organization Commission on Macroeconomics and Health, 2001). Unhealthy people are less productive, cannot fully benefi t from education to gain better jobs, and require more public expenditure (if available). Whether from a health or food security perspective, climate is indirectly, but certainly, an infl uence on human well-being.
Just as ENSO-driven climate variations imperil the livelihoods of the poorest and most vulnerable, global climate change, even by a small amount, puts poor societies under threat.
A Global Ecology of Poverty
The poorest often have few choices available to adapt to variations in natural conditions; they may not be able to harvest water, plant different crops, move to less stressed regions, or provide disaster-resilient infrastructures. Scarcity often means more time spent foraging for food and fuel. Haiti's deforestation is one example of a feedback loop in which attempts to cope with poverty themselves amplify the conditions that produce further poverty [Mutter, 2004] .
Countries caught in or near this feedback amplifi cation have a suite of characteristics that Sachs et al. [2004] identify as an ecology of the human condition. They point out that most of the world's poorest people live in tropical or arid countries, due neither to historic accident nor the fault of government (Figure 3a) . These people are vulnerable to tropical climate extremes, diseases, pests, soil nutrient depletion, land degradation, and, in some regions (mountainous sites of high population density and the interior of subSaharan Africa), very high transport costs of needed goods and products to market.
Vulnerability to natural variations in Earth's behavior preferentially affects the lives of the poorest concentrated in equatorial regions (Figure 3 ), and suggests that Earth's natural processes contribute to an ecology of poverty. Many consequences of ENSO, for instance, have their greatest impact in tropical countries. In Central America, multiple hazards suppress growth opportunities.
A Role for Earth Science in Improving Human Well-Being
Human well-being and Earth's natural systems share a relationship that is complexly codependent, regionally diverse, often indirect, subtle, and nonlinear. Although clear correlations exist, they do not establish to what extent the correlations describe outcomes or causes of poverty. A basic research question is: How does the condition of the Earth govern and limit human well-being? This research domain lies on the boundary between natural Earth sciences and the social sciences, including economics. The research demands skills well known to Earth scientists, including spatial data analysis, time series analysis, inverse methods, observation and monitoring, and statistical analysis applied across data sets from both the natural sciences parameterizing Earth systems, and social science data that describe human systems.
The research, which is most pertinent to the world's poorest societies, is unlikely to occur there, where science of any sort is virtually absent. What is needed is an effort like the Commission on Macroeconomics and Health, launched by the World Health Organization in 2000. The commission produced a 2001 report, with Jeffrey Sachs as lead author, that established the dual nature (both cause and consequence) of disease burden on poor people.
Participation by stakeholders from poor countries is essential to building their capacity to conduct research. The U.S. National Science Foundation and other granting agencies must develop programs targeted toward issues of the poor world. The AGU and other scholarly societies can also take up the challenge (e.g., J. C. Mutter et al., Earth science, human well-being, and the alleviation of global poverty, session presented on 14 December at the 2004 AGU Fall Meeting, San Francisco, Calif.).
In addition, individual scientists in this rich society must develop research programs that will help to improve the condition of so many who have so little and need so much.
